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性。利用细胞毒活性实验（MTT），发现化合物 1 至 7 具有很好的抗肿瘤活性，
通过双荧光素酶报告基因法筛选了所有化合物，发现化合物 1 至 6 及化合物 8、
9 能影响 RXRα 的转录功能。我们通过流式细胞术 AnnexinV/PI 双染法验证了化
合物 1 至 7 具有诱导肿瘤细胞的凋亡功能。为了进一步研究化合物 1 至 7 促进肿
瘤细胞凋亡的机制，我们检测了化合物 1 至 7 对人肝癌细胞 HepG2 中 PARP 切
割的影响。结果显示，在 HepG2 细胞中，化合物 1 至 7 能够促进 PARP 切割，
表明化合物 1 至 7 的抗肿瘤活性可能是通过诱导细胞凋亡的发生。 
以上结果表明，化合物 1 至 7 能够诱导肿瘤细胞凋亡，具有抗肿瘤活性。其





















Cancer is one of the serious diseases endangering human life and health as its 
high incidence and mortality rate. The therapy of cancer has been a worldwide 
problem. In recent years, nuclear receptor RXRα protein for drug targets screening 
has become an important direction of anticancer drugs research and development. 
Meanwhile, Traditional Chinese Medicine (TCM) has been used in China for 
centuries. Because of the biological activity and structure diversity of the compounds 
derived from it, TCM becomes the hot spot in new drug discovery. Based on this, 
more than 416 fractions from 26 species of herbal plant were screened through dual 
luciferase report gene test and the Elephantopus tomentosus L. was selected for 
further study combined with the screening results and detailed literature investigation. 
Elephantopus tomentosus L. (Family: Asteraceae，Genus: Elephantopus) has the 
long history to be used as TCM with the whole grass and utilized widely to cure many 
diseases. 18 compounds were isolated from the 60% ethanol extract of Elephantopus 
tomentosus L. by macro porous adsorption resin column combined with silica gel, 
Sephadex LH-20, ODS column chromatography and RP-HPLC, and their structures 





C-NMR and 2D-NMR ). Compounds 9、11、14、15、16、17、18 were 
separated from Elephantopus genus for the first time. 
Anti-tumor activities of these 18 compounds were evaluated by MTT assay and 
dual luciferase reporter assay system. We found compounds 1 to 7 could strongly 
inhibit the growth of HepG2 cells. Compounds 1 to 6 and the compounds 8 and 9 can 
affect the transcription of nuclear receptor RXRα. Their effects on promoting tumor 
cell apoptosis were further confirmed by Flow Cytometry. PARP cleavage of 
compounds 1 to 7 were also examined for further study on the mechanism of cell 
apoptosis activities. The results showed that compounds 1 to 7 could promote PARP 
cutting in HepG2 cells indicating that the antitumor activity of these compounds may 
















These results indicated that compounds 1 to 7 can induce apoptosis in tumor cells 
and have anti-tumor activity and the anti-tumor activity of compounds 1 to 6 may be 
related to RXRα. Finally, the structure-activity relationships of sesquiterpene lactones 
in Elephantopus tomentosus L were also discussed.  
 
 













































































Binding Domain, DBD），其最大特点是两个直接与 DNA 结合的“锌指结构”。






A/B 区域和 E 区域各包含一个转录激活功能域（Activation function, AF）分别称
为 AF-1 和 AF-2，它们主要负责招募与转录起始相关的蛋白。 
 
图 1-1 核受体的基本结构[4] 
 
视黄醇 X 受体 RXR 包括 RXRα、β 和 γ 三种亚型，其中以 RXRα 最为重要，
广泛分布在生物体肝脏、肾脏、脾脏、胎盘和表皮细胞中，是核受体超家族的核
心成员，它和其他核受体一样，在结构上具有高度保守的 DNA 结合区域和配体




中药丹参的活性成分 danthron 是 RXRα 的特异性拮抗剂，并获得了
RXRα-LBD/Danthron 复合物晶体，成功解析了其结构[6]。以核受体为分子靶标开
发的许多药物现在已广泛应用于临床，例如维甲酸治疗急性早幼粒细胞白血病是
核受体药物用于癌症治疗的代表[7, 8]，从 Coleus forskohlii 中发现的活性成分

































总苞长圆形，长 8-10 毫米，宽 1.5-2 毫米；总苞片绿色，或有时顶端紫红色，
外层 4，披针状长圆形，长 4-5 毫米，顶端尖，具 1 脉，无毛或近无毛，内层
4 个，椭圆状长圆形，长 7-8 毫米，顶端急尖，具 3 脉，被疏贴短毛和腺点；
花 4 个，花冠白色，漏斗状，长 5-6 毫米，管部细，裂片披针形，无毛；瘦果
长圆状线形，长约 3 毫米，具 10 条肋，被短柔毛；冠毛污白色，具 5 条硬刚
毛，长约 4 毫米，基部急宽成三角形。花期 8 月至翌年 5 月[11]。 
地胆草属（Elephantopus）在我国共有 2 种，分布于华南和西南部，分别
































骨架上 6，7 位连接一个 α-亚甲基-γ-内酯，它是目前发现的重要的活性基团；在





































































































































































Elephantopus tomentosus L. 









































































































































2,5-epoxy-2 β-hydroxy-8 α -(2- 
methylbut-2-enoyloxy)-4(15),10(14)
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